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[Abstract] Objective To preliminarily evaluate the effectiveness of a Miller's pyramid-based
three-dimensional integrated teaching model (knowledge integration, skill reinforcement, and clinical
collaboration) for clinical competence enhancement in standardized training of interventional ultrasound
residents through a randomized control trial with a small sample size. Methods We enrolled 40 ultrasound
residents undergoing standardized training in the 2023 and 2024 cohorts from The First Clinical Medical
College of China Three Gorges University. All the participants received three months of traditional teaching
(theoretical lectures + clinical observation), followed by an initial assessment using an objective structured
clinical examination (OSCE) consisting of five standard stations (Cronbach's @=0.89). Subsequently, ensuring
baseline equivalence in sex, education level, entry scores, and initial OSCE scores, the participants were
divided by stratified block randomization into control group (n=20) to continue to receive traditional teaching
and experimental group (n=20) to receive the triad instruction that comprised knowledge integration
(multidisciplinary courses once a week), skill reinforcement (puncture simulation and complication
management/ emergency response training twice a week), and clinical collaboration (PBL-CBL case studies
once a week). A second OSCE was administered after three months of intervention. OSCE scores and score
improvements were compared between the two groups. Teaching satisfaction was surveyed using a 5-point
Likert scale. Results The two groups showed no significant difference in the initial OSCE score [(60.60 =
4.50) vs. (60.20 = 3.33), P=0.751] or other baseline indicators (sex, education level, and entry score). The
experimental group exhibited a significantly higher post-intervention OSCE score [(84.20 + 2.80) vs. (73.65 +
2.82), P<0.001] and a significantly greater improvement in the overall score [(23.60 + 4.35) vs. (13.45 + 3.02),
P<0.001, Cohen's d>0.8] compared with the control group. Specifically, significantly greater score increases
were achieved in the experimental group in complication management [(3.40 + 1.31) vs. (2.45 + 1.32), P<
0.05, 0.5<Cohen's d<0.8], emergency response [(3.50 £ 1.99) vs. (2.30 + 1.49), P<0.05, 0.5<Cohen's d<0.8),
ultrasound-guided puncture [(5.80+1.67) vs. (2.70 +1.38), P<0.001, Cohen's d>0.8], doctor-patient
communication [(5.50 = 1.15) vs. (3.25 £ 1.92), P<0.001, Cohen's d>0.8], and comprehensive skills [(5.40 +
1.64) vs. (2.75 £ 1.77), P<0.001, Cohen's d>0.8]. The overall satisfaction score was significantly higher in the
experimental group than in the control group [(4.75 + 0.42) vs. (3.40 £ 0.57), P<0.001]. Conclusions With
a tiered instruction design, the three-dimensional integrated teaching model significantly enhances clinical
competencies and achieves high satisfaction among trainees in standardized residency training for
interventional ultrasound, preliminarily demonstrating its teaching effectiveness.
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